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Description
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a process for
the recovery of caprolactam from nylon-containing
waste which has been converted to depolymerization
products. After depolymerization, caprolactam is ex-
tracted from depolymerized products with use of alkyl
phenolic type solvents.

2. Description of Related Art

[0002] Nylon containing waste, especially waste car-
pet simultaneously represents not only an environmen-
tal problem but also a potential source of value if useful
materials can be recovered from it. For example, much
waste carpet contains significant amounts of nylon, and
in particular, nylon 6 or polycaprolactam. Processes for
depolymerization of the waste nylon 6 to its valuable
monomer, caprolactam, have been developed. Im-
provements in such processes, however, are still need-
ed.

[0003] Nylon 6 depolymerization is usually effected in
the presence of water. Although caprolactam is formed
by depolymerization, the depolymerization reaction is
an equilibrium reaction and at least some, and often sig-
nificant, amounts of cyclic and linear caprolactam oli-
gomers also form. Pure caprolactam, however, is ulti-
mately desirable, but purification processes to separate
the oligomers from the monomer can be cumbersome
and expensive. Once separated from monomer, capro-
lactam oligomers can be recycled for further depolym-
erization. Therefore, despite the utility of known nylon 6
depolymerization and caprolactam purification process-
es, improved methods are still needed to make such
processes economically attractive. Ideally, complete
elimination of one or more purification steps is desirable.
[0004] Extraction is a method to separate caprol-
actam from complex mixtures resulting from nylon 6
waste depolymerization. For extraction to be effective,
the solubilities of the different components must be
carefully considered.

[0005] U.S.PatentNo. 5,359,062 discloses that nylon
6 can be depolymerized in the presence of water and
alkali metal hydroxide to yield caprolactam- and oli-
gomer-containing aqueous solutions. Following depo-
lymerization, caprolactam can be separated by distilla-
tion or extraction. In order to have an economically at-
tractive process it is essential to separate the oligomer
from monomeric caprolactam and to recycle the oligom-
ers.

[0006] The distillation route, however, suffers from the
drawback that the distillation residue may not be readily
recyclable because of tar formation. Other circumstanc-
es hindering the recycling of the residue include repo-
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lymerization and solidifictaion of the oligomers. The ex-
traction route suffers from, among other things, the need
for large amounts of extraction agent. For example,
more than twice the amount of extraction agent com-
pared to the amount of caprolactam-containing aqueous
solution may be needed. Moreover, although this patent
disclosure mentions oligomer formation and separation,
it does not disclose or suggest solutions to the particular
problem of removing cyclic or linear oligomers from
caprolactam. The extraction agents disclosed in U.S.
Patent No. 5,359,062 include benzene, toluene, and xy-
lene, all of which are relatively low-boiling solvents com-
pared to caprolactam. During extraction, these solvents
extract not only caprolactam but also cyclic caprolactam
oligomers. After extraction, these solvents can be re-
moved from the caprolactam by distillation. An addition-
al distillation step, however, is then needed to separate
caprolactam from the cyclic oligomers. Hence, following
the caprolactam extraction step, two distillations are still
required to obtain the pure caprolactam.

[0007] U.S. PatentNo. 4,013,640 discloses an amide
purification process which includes purification of capro-
lactam. This patent, however, also fails to address the
problem of removing oligomers, and in particular, cyclic
oligomers from caprolactam. Moreover, this patent pub-
lication also fails to disclose caprolactam purification
processes which follow depolymerization of nylon 6.
Rather, it discloses extraction of caprolactam from un-
specified industrial waste waters. The disclosed impuri-
ties in these wastes are not impurities of similar chemi-
cal character as the amide to be purified. Extraction is
effected with use of alkyl phenolic type solvents having
boiling points higher than caprolactam. The extraction
step is followed by vacuum distillation of the extract to
obtain caprolactam. This distillation may be hampered
by the presence of oligomers. U.S. Patent No.
4,013,640, however, neither suggests nor discloses that
alkyl phenolic extraction agents would be useful to sep-
arate caprolactam oligomers from caprolactam.

SUMMARY OF THE INVENTION

[0008] Objects of the present invention include im-
proving the efficiency of the caprolactam purification
procedure following depolymerization of nylon, and in
particular, nylon 6.

[0009] An additional object is to improve the ability to
separate oligomers from caprolactam.

[0010] An additional object is to improve the econom-
ics of waste carpet recycling.

[0011] These and other objects are achieved by a
process comprising the combination of steps of:

a) treating a first mixture comprising nylon 6 with
water at a temperature between about 200°C and
about 400°C to yield a second mixture comprising
depolymerized nylon 6 components, wherein the
second mixture contains caprolactam at a concen-
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tration between about 5 wt.% and about 35 wt.%;
b) optionally, separating insoluble material from the
second mixture;

c) extracting the second mixture with an extraction
agent to yield an aqueous raffinate third mixture and
an organic phase fourth mixture comprising capro-
lactam and the extraction agent, wherein the extrac-
tion agent is an alkyl phenol having a boiling point
higher than that of the caprolactam;

d) recovering caprolactam from the organic phase
fourth mixture by distillation;

e) recycling the aqueous raffinate third mixture to
step (a).

[0012] Advantages of the present inventions include
improved efficiency in the caprolactam purification proc-
ess, particularly with respect to separation of oligomers
from the caprolactam.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention is effective in treating
waste mixtures comprising nylon 6. In addition to nylon
6, other types of polymers, nylons, and polyamides
which can be in the waste mixture include polyproplene,
polyethyleneterephtalate, jute, SBR, wool, cotton, nylon
66. The composition of the waste mixture is not strictly
limited so long as the advantages of the present inven-
tion can be achieved. The waste mixture, for example,
can be relatively homogeneous or heterogeneous. In
particular, the presentinventions can be used to process
industrial and post-consumer carpet waste. The carpet
is preferably first comminuted mechanically by, for ex-
ample, grinding, chopping, tearing, or cutting by means
of knives and/or shears. The greater part of the non-
polyamide components of the carpet can contain, for ex-
ample, unfilled latex, latex filled with CaCQOs, jute, and
polypropylene. Such non-polyamide components can
be separated from the polyamide or nylon 6 component
of the carpet in one or more separation steps before de-
polymerization treatment at elevated temperatures. Al-
ternatively, carpet pieces also can be supplied directly
to the reactor for depolymerization.

[0014] Theinventions yield good results with between
about 5 wt.% and about 50 wt.% of polyamide in the re-
actor besides other components (as earlier mentioned).
[0015] The nylon 6 containing waste mixture is treated
with water at elevated temperature and, if desired, at
elevated pressure to effect depolymerization of nylon 6.
[0016] In general, depolymerization is effected with a
quantity of water so that, after depolymerization, an
aqueous solution is obtained containing between about
5 wt.% to about 35 wt.%, and preferably, less than about
25 wt.% of caprolactam relative to the amount of water.
[0017] The temperature at which the depolymeriza-
tion process can be performed is not particularly limited,
but is in general, between about 200°C and about
400°C, and preferably, between about 250°C and about
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350°C.

[0018] The depolymerization pressure also is not par-
ticularly limited but can be, in general, less than about
200 bar, and preferably, less than about 130 bar. For
example, pressures are contemplated of about 100 bar,
or 10 MPas, at about 30Q°C.

[0019] When depolymerization is carried out for about
1 hour under these conditions, a virtual equilibrium is
reached, and the caprolactam : oligomer ratio is gener-
ally about 4:1 by weight. The invention, however, also
contemplates amounts of oligomers up to 35 wt.% with
respect to caprolactam. The amounts of oligomer for-
mation make recycling essential for economic reasons.
[0020] Depolymerization is preferably carried out
without a catalyst or accelerator. In order to control the
reaction rate and the selectivity, however, depolymeri-
zation catalysts or accelerators can also be used if de-
sired. Suitable catalysts include Lewis acids such as, for
example, Al,O3, SiO,; and Bransted acids such as, for
example, H3PO,, paratoluene sulfonic acid, formic acid,
H3;BO,, or salts thereof like, for example, ammonium
salts. Base catalysts can also be used such as, for ex-
ample, NaOH, KOH or Na,COj5. These compounds are
optionally present in an amount of about 0.1 wt.% to
about 20 wt.%, and preferably, between about 0.1 wt.%
to about 5 wt.% relative to the polyamide.

[0021] Following depolymerization, a mixture com-
prising caprolactam and other depolymerized products
such as linear and cyclic oligomers is formed. The mix-
ture will usually contain insoluble material, although al-
ternatively, no substantial amounts of insoluble material
will be present in some cases if insoluble materials were
removed before depolymerization. Insoluble material in-
cludes jute, CaCOjs, polypropylene.

[0022] Before the extraction step, measures are pref-
erably taken so that virtually no solid, undissolved waste
is presentin the aqueous solution. This can be achieved
by methods known to those skilled in the art including
filtration or centrifugation. Alternatively, separation can
be effected by separating out the aqueous solution with
caprolactam as an aerosol. This means that depolym-
erization step (a) and separation step (b) can be sepa-
rate or simultaneous steps.

[0023] The caprolactam extraction step is effected
with an alkyl phenolic type extraction agent. The amount
of alkyl phenol is not particularly limited provided that
the advantages of the present invention can be
achieved. The upper limit, for example, is not believed
critical but depends on process economy. In general, the
amount of alkyl phenol will be less than about 1% times
the volume amount of aqueous solution. By preference,
about 5 to about 100 vol.% of alkyl phenol relative to the
amount of aqueous solution is used. Very good results
are achieved if about 30 to about 80 vol.% of alkyl phenol
relative to the amount of aqueous solution is used.
[0024] The extraction agent can be an alkyl phenol
having a boiling point higher than the boiling point of
caprolactam, which is 272°C at 1 bar. Alkyl phenols
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have a high boiling point at atmospheric pressure.
Therefore, boiling points are advantageously compared
at reduced pressures of, for example, 1.3 kPa (10 mm
Hg). Caprolactam has a boiling point of 140°C at 10 mm
Hg, while dodecyl phenol, for example, has a boiling
point of 190°C at that pressure. By preference, the boil-
ing point of the alkyl phenol is more than about 5°C, and
in particular, more than about 15°C higher than the
caprolactam boiling point at 1.3 kPa (10 mm Hg). The
upper limit to the boiling point of the alkyl phenol is about
400°C. The alkyl phenol preferably is non-azeotropic
with caprolactam. Mixtures of alkyl phenol can be used.
[0025] The alkyl component of the alkyl phenol can
be, for example, a C4-C,5 alkyl component, and prefer-
ably, a Co-C45 alkyl component. Alternatively, the alkyl
component can consist of one or more alkyl groups
which together contain 6 or more carbon atoms. The
alkyl component preferably consists of an aliphatic or
aromatic hydrocarbon, and in particular, aliphatic hydro-
carbon. Examples of specific alkyl phenolic compounds
include dodecyl phenol, octyl phenol, nonyl phenol, n-
hexyl phenol, 2,4-diisobutyl phenol, 2-methyl-4,6-di-
tert-butyl phenol, 3-ethyl-4,6-di-tert-butyl phenol,
2,4 ,6-tri-tert-butyl phenol, and mixtures of any thereof.
U.S. Patent No. 4,013,640 discloses additional alkyl
phenols, the complete disclosure of which is hereby in-
corporated by reference.

[0026] The extraction step is, in general, carried out
at a temperature which is higher than the melting point
of the alkyl phenol. The temperature of extraction can
be generally between about 50°C and about 220°C, and
preferably, between about 70°C and about 170°C. Gen-
erally, the extraction temperature is selected so that the
maximum amount of solid non-nylon products can be
separated out. If, for example, waste polypropylene is
present in the mixture to be extracted, the temperature
is preferably lower than the melting point of the waste
polypropylene. Therefore, in this case, the extraction
temperature is preferably lower than about 130°C.
[0027] The pressure during the extraction step is not
generally critical and can be, for example, between
about 1 bar and about 20 bar, and preferably, between
about 1 bar and about 5 bar.

[0028] The extraction step yields a caprolactam-con-
taining organic phase which, in general, contains up to
50 wt.% caprolactam and between about 0 and about
15 wt.% water.

[0029] The amount of cyclic oligomers in the organic
phase extract is generally less than about 10 wt.%, and
preferably less than about 5 wt.%, and the amount of
linear oligomers is generally less than about 1 wt.%, and
preferably less than about 0.1 wt.%.

[0030] After extraction and removal of the extraction
agent, an aqueous raffinate mixture remains. Even after
the greater amount of the caprolactam has been extract-
ed out, however, the aqueous solution still contains
some caprolactam. In general, the concentration of re-
maining caprolactam s less than about 2 wt.%, and pref-
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erably, less than about 1 wt.%. After extraction, the
aqueous solution in addition still contains caprolactam
oligomers, including mainly linear oligomers, soluble
polymers, or mixtures thereof. Oligomers and polymers
of caprolactam may partially precipitate during extrac-
tion of caprolactam resulting in slurry formation. If de-
sired, additional water can be added to the slurry in order
to form a solution again. The aqueous solution or slurry
is recycled to depolymerization step (a). If the raffinate
still contains insoluble solid, non-nylon waste, that
waste will preferably be separated out beforehand by
means of filtration.

[0031] After extraction, caprolactam and residual wa-
ter can be distilled out of the organic phase. After this
distillation, the alkyl phenol containing cyclic oligomers
can be used again in other extraction operations, if re-
quired after purification of the extraction agent. In this
distillation step, the required purification of caprolactam
is partially achieved directly because all heavy compo-
nents remain behind in the alkyl phenol.

[0032] The liquid caprolactam, after distillation out of
the alkyl phenol, which contains between about 5 to
about 50 wt.% water is subsequently further purified
and/or concentrated. This results in caprolactam of a
quality that is comparable with that of virgin caprol-
actam.

[0033] In one preferred embodiment, the purification
of the extracted and distilled caprolactam comprises the
following steps:

1) ion exchange

2) hydrogenation

3) distilling out water and other light components
4) distilling out caprolactam.

[0034] The order of the ion exchange step (1) and hy-
drogenation step (2) can be reversed if desired. This pu-
rification procedure results in caprolactam of very good
quality.

[0035] In a second preferred embodiment, the purifi-
cation of the distilled caprolactam is achieved by crys-
tallization in a process of concentrating. The crystallized
caprolactam resulting from concentrating is generally
sufficiently pure to be used directly. After crystallization,
it may be necessary to purify the mother liquor by, for
example, recycling it to the aqueous solution before the
extraction with the alkyl phenol. The mother liquor can
be purified for example by means of destillation.
[0036] The inventions will now be elucidated by
means of the following non-restrictive examples.

EXAMPLES
Example 1
[0037] 46.4 kg of water phase was added to 16.8 kg

of carpet pieces having a size of about 1-5 cm? (38 wt.
% nylon 6) to yield a heterogeneous mixture. The water
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phase was obtained from the extraction (the raffinate
mixture) and contained about 3.4 wt.% of linear oligom-
ers of nylon 6. Depolymerization of nylon 6 was carried
out in a depolymerization reactor at a temperature of
300°C and at a pressure of 100 bar for 1 hour to yield a
slurry mixture. The resulting slurry was cooled and de-
pressurized, so that part of the water was evaporated
(100°C, 1 bar). After this, solid particles were removed
from the slurry by filtration at a temperature of 100°C to
yield a filtered mixture. This mixture contained approxi-
mately 31 kg of water, 6.3 kg of caprolactam and 1.6 kg
of caprolactam oligomers. The oligomers were 1.44 kg
linear oligomers and 0.16 kg cyclic oligomers.

[0038] This mixture was extracted with 25 kg of do-
decyl phenol at 100°C so that virtually all caprolactam
and cyclic oligomers and 1.3 kg of water were present
in the resultant organic phase mixture. The remaining
raffinate mixture was fed back to the hydrolysis section
of the depolymerization reactor. This raffinate contained
the linear oligomers that were present in the water
phase after depolymerization and extraction.

[0039] Caprolactam and water were distilled out of the
dodecyl phenol which resulted in a caprolactam flow
containing 18 wt.% of.water. This flow (1 bar, 55°C) was
treated with an ion exchanger and then subjected to hy-
drogenation. The water and light components were dis-
tilled out at 0.2 bar and 56°C, after which pure caprol-
actam was recovered through distillation at 5 mbar and
116°C.

[0040] All references disclosed herein are hereby in-
corporated by reference.

Claims

1. Process for the recovery of caprolactam from waste
which contains nylon 6 by

a) treating a first mixture comprising waste
which comprises nylon 6 with water at a tem-
perature between 200°C and 400°C to yield a
second mixture comprising depolymerized ny-
lon 6 components,

b) optionally, separating the second mixture
from any insoluble (carpet) waste that is
present,

c) subjecting said second mixture to an extrac-
tion with an organic extraction agent to yield an
aqueous raffinate third mixture and an organic
phase fourth mixture comprising caprolactam
and said extraction agent,

d) recovering the caprolactam from said organ-
ic phase fourth mixture by distillation,

e) recycling said aqueous raffinate third mixture
to step (a),

characterized in that the concentration of caprol-
actam in second mixture is 5-35 wt.% and that the
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10.

extraction agent used is an alkyl phenol having a
boiling point which is higher than that of caprol-
actam.

Process according to claim 1, characterized in
that step (a) is carried out at such a pressure that
the system is in the liquid phase.

Process according to any one of claims 1-2, char-
acterized in that caprolactam is extracted with
5-100 vol.% of alkyl phenol relative to the amount
of said second mixture.

Process according to any one of claims 1-3, char-
acterized in that extraction step (C) is carried out
at a temperature of 50-220°C and a pressure of
1-20 bar.

Process according to any one of claims 1-4, char-
acterized in that the boiling point of the alkyl phenol
is more than 15°C higher than the boiling point of
caprolactam at 1.3 kPa (10 mm Hg).

Process according to any one of claims 1-5, char-
acterized in that the alkyl component of the alkyl
phenol contains 6-25 carbon atoms.

Process according to claim 6, characterized in
that the alkyl component of the alkyl phenol con-
tains 9-15 carbon atoms.

Process according to claim 6 or 7, characterized
in that the alkyl phenol used is dodecyl phenol, oc-
tyl phenol, nonyl phenol, n-hexyl phenol, 2,4-di-
isobutyl phenol, 2-methyl-4,6-di-tert-butyl phenol,
3-ethyl-4,6-di-tert-butyl phenol, 2,4,6-tri-tert-butyl
phenol, or a mixture thereof.

Process according to any one of claims 1-8, char-
acterized in that the distillation in said recovery
step (d) is a distillation of caprolactam, water and
light components out of the organic phase to yield
a fifth mixture comprising caprolactams, said fifth
mixture being subjected to

(i) ion exchange and hydrogenation, or hydro-
genation and ion exchange and subsequently
(i) distilling out the light components and

(iii) finally recovering caprolactam by distilla-
tion.

Process according to any one of claims 1-8, char-
acterized in that the distillation in said recovery
step (d) is a distillation of caprolactam, water and
light components out of said organic phase to yield
a fifth mixture comprising caprolactam, said fifth
mixture being concentrated to effect crystallization
of caprolactam and finally separating out the crys-
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tallized caprolactam.

Patentanspriiche

Verfahren zur Rickgewinnung von Caprolactam
aus Abfall, welcher Nylon-6 enthalt, durch

a) Behandeln eines ersten Gemisches, umfas-
send Abfall, welcher Nylon 6 umfal3t, mit Was-
ser bei einer Temperatur zwischen 200°C und
400°C unter Erhalten eines zweiten Gemi-
sches, umfassend depolymerisierte Nylon-
6-Komponenten,

b) gegebenenfalls Abtrennen des zweiten Ge-
misches von jeglichem unléslichen (Teppich)
-Abfall, welcher vorliegt,

c) Unterwerfen des zweiten Gemisches einer
Extraktion mit einem organischen Extraktions-
mittel unter Erhalten eines walrigen Raffinats
als drittem Gemisch und einer organischen
Phase als viertem Gemisch, umfassend Capro-
lactam und das Extraktionsmittel,

d) Ruckgewinnen des Caprolactams von der
organischen Phase als viertem Gemisch durch
Destillation,

e) Ruckfihren des walirigen Raffinats als drit-
tem Gemisch zu Schritt (a),

dadurch gekennzeichnet, dafl die Konzentration
von Caprolactam in dem zweiten Gemisch 5-35
Gew.-% betragt und daR das verwendete Extrakti-
onsmittel ein Alkylphenol mit einem Siedepunkt ist,
welcher hoher als derjenige von Caprolactam ist.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, daB Schritt (a) bei einem solchen Druck
durchgefiihrt wird, dafl das System in der fllissigen
Phase vorliegt.

Verfahren nach einem der Anspriiche 1-2, dadurch
gekennzeichnet, daB Caprolactam mit 5-100 Vol.-
% Alkylphenol, relativ zu der Menge des zweiten
Gemisches, extrahiert wird.

Verfahren nach einem der Anspriiche 1-3, dadurch
gekennzeichnet, daB der Extraktionsschritt (c) bei
einer Temperatur von 50-220°C und einem Druck
von 1-20 bar durchgefiihrt wird.

Verfahren nach einem der Anspriiche 1-4, dadurch
gekennzeichnet, daB der Siedepunkt des Al-
kylphenols mehr als 15°C héher als der Siedepunkt
von Caprolactam bei 1,3 kPa (10 mm Hg) ist.

Verfahren nach einem der Ansprliche 1-5, dadurch
gekennzeichnet, daB die Alkylkomponente des Al-
kylphenols 6-25 Kohlenstoffatome enthalt.
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7.

10.

Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, daB die Alkylkomponente des Alkylphe-
nols 9-15 Kohlenstoffatome enthalt.

Verfahren nach Anspruch 6 oder 7, dadurch ge-
kennzeichnet, daB das verwendete Alkylphenol
Dodecylphenol, Octylphenol, Nonylphenol, n-He-
xylphenol, 2,4-Diisobutylphenol, 2-Methyl-4,6-di-
tert-butylphenol,  3-Ethyl-4,6-di-tert-butylphenol,
2,4,6-Tri-tert-butylphenol oder ein Gemisch davon
ist

Verfahren nach einem der Anspriiche 1-8, dadurch
gekennzeichnet, daB die Destillation in dem Ruck-
gewinnungsschritt (d) eine Destillation von Capro-
lactam, Wasser und leichten Komponenten aus der
organischen Phase unter Erhalten eines fiinften
Gemisches, umfassend Caprolactame, ist, wobei
das fiinfte Gemisch

(i) lonenaustausch und Hydrierung, oder Hy-
drierung und lonenaustausch und nachfolgend
(ii) Destillieren der leichten Komponenten und
(iii) schlieRlichem Rickgewinnen von Capro-
lactam durch Destillation

unterworfen wird.

Verfahren nach einem der Anspriiche 1-8, dadurch
gekennzeichnet, daB die Destillation in dem Ruck-
gewinnungsschritt (d) eine Destillation von Capro-
lactam, Wasser und leichten Komponenten aus der
organischen Phase unter Erhalten eines fiinften
Gemisches, umfassend Caprolactam, ist, wobei
das flinfte Gemisch konzentriert wird, um die Kri-
stallisation von Caprolactam zu bewirken, und das
kristallisierte Caprolactam schlielich abgetrennt
wird.

Revendications

1.

Procédé de récupération du caprolactame dans les
déchets contenant du nylon 6 par les étapes con-
sistant a :

a) traiter un premier mélange comprenant des
déchets qui comportent du nylon 6 avec de
I'eau a une température entre 200°C et 400°C
pour conduire a un deuxiéme mélange compre-
nant des composants de nylon 6 dépolyméri-
sés,

b) éventuellement, séparer le deuxiéme mélan-
ge de n'importe quel déchet insoluble (moquet-
te) qui est présent,

c) soumettre ledit deuxieme mélange a une ex-
traction avec un agent d'extraction organique
pour conduire a un troisieme mélange de raffi-
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nat aqueux et a un quatrieme mélange de pha-
se organique comprenant du caprolactame et
ledit agent d'extraction,

d) récupérer le caprolactame dudit quatrieme
mélange de phase organique par distillation,
e) recycler ledit troisieme mélange de raffinat
aqueux dans I'étape (a) ;

caractérisé en ce que la concentration de
caprolactame dans le deuxiéeme mélange est de 5
a 35% en poids et en ce que I'agent d'extraction
utilisé est un alkyl phénol ayant un point d'ébullition
qui -est supérieur a celui du caprolactame.

Procédé selon la revendication 1, caractérisé en
ce que I'étape (a) est effectuée a une pression telle
que le systéme est en phase liquide.

Procédé selon I'une quelconque des revendications
1 a 2, caractérisé en ce que le caprolactame est
extrait avec de 5 a 100% en volume d'alkyl phénol
par rapport a la quantité dudit deuxieme mélange.

Procédé selon I'une quelconque des revendications
1 a 3, caractérisé en ce que |'étape d'extraction (c)
est effectuée a une température de 50 a 220°C et
a une pression de 1 a 20 bar.

Procédé selon I'une quelconque des revendications
1 a4, caractérisé en ce que le point d'ébullition de
I'alkyl phénol est supérieur de plus de 15°C au point
d'ébullition du caprolactame a 1,3 kPa (10 mm de

Hg).

Procédé selon I'une quelconque des revendications
1 a 5, caractérisé en ce que le composant alkyle
de I'alkyl phénol contient de 6 a 25 atomes de car-
bone.

Procédé selon la revendication 6, caractérisé en
ce que le composant alkyle de I'alkyl phénol con-
tient de 9 a 15 atomes de carbone.

Procédé selon la revendication 6 ou 7, caractérisé
en ce que l'alkyl phénol utilisé est le dodécyl phé-
nol, l'octyl phénol, le nonyl phénol, le n-hexyl phé-
nol, le 2,4-diisobutyl phénol, le 2-méthyl-4, 6-di-tert-
butyl phénol, le 3-éthyl-4,6-di-tert-butyl phénol, le
2,4,6-tri-tert-butyl phénol, ou un mélange de ceux-
ci.

Procédé selon I'une quelconque des revendications
1 a 8, caractérisé en ce que la distillation de ladite
étape de récupération (d) est une distillation du ca-
prolactame, de I'eau et des composants légers de
la phase organique pour conduire a un cinquiéme
mélange comprenant du caprolactame, Icdit cin-
quieme mélange étant soumis a:
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(i) échange d'ion et hydrogénation, ou hydro-
génation et échange d'ion et ultérieurement
(i) distillation des composés légers et

(iii) finalement récupération du caprolactame
par distillation.

10. Procédé selon l'une quelconque des revendications

1 a 8, caractérisé en ce que la distillation dans la-
dite étape de récupération (d) est une distillation du
caprolactame, de I'eau et des composants légers
de ladite phase organique pour conduire a un cin-
quiéme mélange comprenant du caprolactame, le-
dit cinquieme mélange étant concentré pour effec-
tuer la cristallisation du caprolactame et finalement
séparer le caprolactame cristallisé.
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